A somewhat unconventional method has been devised for the analysis of spherical waves of finite amplitude. Difficulties have been encountered in devising a satisfactory system of symbols whereby the concepts can be expressed in a manner that is convincing and free from ambiguity.
The total change from the beginning of cylinder A to the beginning of cylinder A + dA is, then the following familiar relation is obtained
The indicated procedure from this point on is to find the waveform for vt that is most stable and the corresponding value for v r , and then from these to find the excess pressure from the relations previously given (1) . Since the most stable waveform for a plane progressive wave (at least in closed form) has not yet been found, this procedure cannot be expected to yield completely satisfactory results for spherical waves.
The expression for vt can, however, be put into a more workable form by making the substitution vt = U(ro/r), where r /r represents (A /A)1/2. Then r r vt ro a U r oS at r at 2 o r because, to the traveling observer, the area is certainly a function of time. But avt ro aU ax -r ax since it is the gradient at constant area that is involved. Therefore au ar au losses U losses atr ax This equation states the time rate of change in magnitude of a point on the wave which is at a fixed distance from an axis crossing (that is, progressing at speed So) in terms of the magnitude, the slope, and the radius at a given instant and place.
With this interpretation understood, it is possible to derive useful information concerning the behavior of the spherical wave. The derivation of this information is being carried out.
R. D. Fay B. EXCITATION OF ACOUSTIC CAVITIES BY DC FLOW
There have been many experimental investigations concerning the effects of dc flow on acoustic resonators. In particular, it has been found that there is a relationship between the cavity Q and the dc velocity that is necessary to excite oscillations in the cavity. We shall attempt to explain this relationship from a theoretical point of view.
The most convenient example is a simple pipe resonator, as shown in Fig. XV-1 .
If the equations of motion are linearized in acoustic variables, they become 
Turning to the right-hand side of Eq. 3, we see that all the terms contain derivatives with respect to x. This means that they will be finite only outside the mouth of the pipe.
The first term on this side is not multiplied by U, so that it is present in the absence of U and will therefore not contribute to the resonance excitation caused by U. Examining the time dependence of the remaining terms, we note that a 2p/axat has the same time dependence as the damping term of Eq. 4.
The term U2a 2p/ax 2 ) has the same time dependence as the reactive terms of Eq. seen that the reflection coefficient at the n t h layer is of the order of magnitude M sin 0.
Because any fraction of the wave that is reflected once must be reflected a second time before it can contribute to the transmitted fraction, the contribution to the transmitted wave caused by multiple reflections will be of the order of magnitude (M sin 0) 2 . In the present case, the approximation will be carried only to the order M sin 0, and so the multiple reflections do not have to be considered. If the approximation is further restricted so that sin 0 << 1, then Eq. 1 can be rewritten as Pl M 1 sin 0 1= I -(la) PO 2
With the same approximation, it is found that Pn (Mn -M ) sin 0 n n n-
1-

Pn-1 2
since the change in angle of incidence from layer to layer will give only a higher order correction. Thus, the total transmission coefficient is given by
For the analytic solution it is convenient to consider a two-dimensional coordinate system with a fluid velocity in the x-direction, given by M = by (where b is a constant).
If the sound pressure is assumed to be of the form If the method of Keller (1) is used, the following expression, rather than Eq. 1 is obtained: The ground-loss factor for a constant- The purpose here is to present the results of the calculation and to show the limits within which the ground-loss factor is applicable.
A source whose pressure field is given by ps = [exp(ikr)]/(kr) in the absence of a plane will have a field in the presence of a plane (1) given by
'pt' kr (1+Q)
The source must be in the boundary for this result to be valid. In Eq. 1,
The quantity F can be expanded in an asymptotic series whose value is
The ground-loss factor, G, is defined as the ratio pt /ps when Iptl decreases as 1/r, hence it must be calculated when F is small. Therefore G = 20 log( + Ro) = 6 -20 log(1l + /sin4)
The ground-loss factor is plotted as a function of p for several values of normal admittance p in Fig. XV-7 .
The quantity F is important only in the calculation of the value of kr at which the ground-loss factor becomes applicable. For our purposes, (kr)min will be calculated from the value of F that results in a pressure at (kr)mi n that is within 0. 5 db (6 per cent) of the value that would be obtained if F were zero. Since, for real P, F is The magnitude of F is always less than unity (3), and therefore the minimum value of kr must be zero (within 0. 5 db) for all p and j for which sin 4/p > 2. 85. By using Eq. 6 and Ingard's results (4), we can easily calculate (kr)min for any p and p. The results of these calculations are given in Table XV-1. 
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E. ATTENUATION AND REGENERATION OF SOUND
It is well known that in many systems designed to attenuate sound in the presence of a steady air flow the over-all attenuation is often much less than would be predicted on the basis of attenuation measurements in the absence of flow. This effect can generally be attributed to regeneration of sound in the system because of the presence of air flow, but in practical cases may be difficult to predict owing to the complicated geometry of the system and the absence of a precise knowledge of the source distribution.
In order to see some of the main features of the problem, it is convenient to look at an idealized situation, a duct of length I with attenuation a(x) along the length of the duct.
The sound intensity at the inlet (x=0) is assumed to be I o , and a regeneration function s(x) is assumed to exist, so that the intensity generated inside the duct in a distance dx is s(x) dx.
The differential equation that describes the intensity as a function of distance along the duct is readily found to be a general first-order equation Other exact solutions to the problem can be found if it is assumed that the attenuation and regeneration can be expressed as a power of x/f:
Using these forms in Eq. 3 leads to exact solutions when n and m are related by (n-m)/(m+l) = k, where k is an integer. For k = 0, the result is the same as Eq. 4, Intensity level as a function of duct length for k = Intensity level as a function of duct length for k = 1. 
